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ABSTRACT

A microminiature 30-Mc IF amplifier stage was fabricated from vacuum-
deposited thin-film passive components and two inserted parts, The
vacuum-deposited parts, thin films of nickel-chromium, aluminum, and
silicon monoxide, were laid down for use as resistors, conductors and di-
electrics, respectively. In the deposition processes, dimensionally
accurate masks are essential and they were achieved by the use of a spark
erosion technique. A specially designed mask-and-substrate holder ac-
curately indexed the masks relative to the substrates,

Three models of this amplifier were made but one could not be used
due to a short in the circuit, The other two circuits showed gains of
16.5 and 14.7 db. When one circuit was retested after storage in a
desiccator for one year at room temperature, the gain was 15.1 db.

This amplifier represents the first HDL operating device to employ
vacuum-deposited conductors, resistors, and capacitors,

1. INTRODUCTION

In prior work at HDL, a miniature 30-Mc IF amplifier had been con-
structed by Yetter and Hall (ref 1) in a 2D form using etched wiring,
printed resistors, and inserted capacitors, coils, and transistors.
Simultaneous development of vacuum-deposited, thin-tilm conductors,
resistors, and dielectrics was in progress (ref 2,3) with the objective
of eventual application in microminiature circuits. As a combination
and extension of these two efforts, a 30-Mc IF amplifier stage was chosen
for fabrication by thin-film techniques. In the new thin-film device, the
resistors, conductors, and dielectrics were to be vacuum deposited onto
the substrate but, failing techniques for vacuum deposition of trans-
formers and transistors, these latter parts would still have to be in-
serted into the substrate,

2, EXPERIMENTAL METHODS

2.1 Design of the Amplifier

Based on the prior vacuum evaporation work, the materials
chosen for the thin-film conductors, resistors, and dielectrics were
aluminum, 80 percent nickel: 20 percent chromium, and silicon monoxide,
respectively. The aluminum conductors were planned in thicknesses to
give resistances less than 0.5 ohm per square.

The resistors and capacitors had to be designed to give~the
resistance and capacitance values required by the 30-Mc IF amplifier
circuit, shown in figure 1, Satisfaction of this requirement involved
first, selection of the minimum film thickness compatible with homo-
geneity of the film, next, selection of width, next, calculations of
lengths for resistors and of areas for capacitors, and finally, layout
of the thin-tilm circuit design shown in figure 2,
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The 30-Mc IF amplifier stage required five resistors, three
with values of 1000 ohms, one of 3000 ohms, and one of 3600 ohms. Since
the minimum-thickness nickel-chromium film gives a resistance value, ©
(see below), of about 100 ohms per square of resistance area, and the
resistors were planned in 0,010-in. widths on a 0,.6-in,-square glass
substrate, required resistor lengths were calculated from the following
formula:

f,::RW/O'

where

B
i

length of resistor, in in.
R - resistance, in ohms

a

i

resistance/sq.. in ohms/sq.

w

{t

width of resistor, in in,

Another consideration in planning these small-area thin-film
resistors was power dissipation of the thin film, This can be a problem
because of the small radiating surface involved. However, it was known
(ref 2) that the resistors, as designed for this thin-film circuit, had
sufficient area to dissipate the available power.

The amplifier stage required four 0,001-puf capacitors, The
dielectric constant, K, for an SiO thin-film dielectric (5000 A in thick-
ness) varies from 5 to 7 depending upon the conditions of deposition; and
previous work had shown 5 to be the figure more agplicable to such films
made at HDL., Hence, the required area of a 5000-A-thick, 0.001-uf SiO
dielectric was calculated, using the following formula

.
= 0.0855K

where

A = area, in cm®

d = dielectric thickness, in cm
C = capacitance, in uf x 107®
K = dielectric constant

and was found to be 0.1129 cm®.



2.2 Preparation of Mask-ind-Subztrate Holder

Since the thin-film p:rts< must have close dimensional tolerances,
a device was necessary to position and hold the maskc precisely relative
to the substrates. Such a holder wa- designed and is shown in figure 3.
This holder was designed to hold up to ten substrates and masks., It is
basically a stainless steel plate, 7 in., in diameter, to which can be
screwed the ten individual mask-and-substrate holders.

The ten small individual holders are stainless steel discs,
1,25 in., in diameter, the top and bottom halves each being 1/8 1n. thick
(fig, 4). They were milled to provide a recess for the glass substrates
used in this work. This recess was 0,600 * 0,0005 in, square, and 0,046
in, deep. A stainless steel miask (al¢o shown in fig. 4) was normally
placed over the glass substrate in the recess. The mask was held in its
proper lateral position by means of 1ndexing pins, and at the same time
was held firmly against the substrate by meins of spring clips.

A circular heater was alco uttached to the 7-in. plate and was
capable of heating the substrates to 300°C,

2.3 Preparation of Stiiﬂlﬁii:§1351 Misks

As 1ndicated in figure 2, {our different maisks were needed 1in
the fabrication of one 30-Mc :rplifier circuit. Slot width. were re-
quired to be as narrow us 0,010 in.

The mazks were made from 0.002 in.-thick =tiinless-steel
shim-stock blanks using a »park-erosion michine. The mask-blank and «
copper electrnde were connected 1n vthe same electric circult, =nd the
electrode was spaced from the workpiece at the required distaince for a
spark to be generated in the gap. Thi- cntire sy-tem wa- immersed in a
dielectric liquid, which prevented combustion and acted 13 a cooling
igent, The electrical breakdown of this dielectric liquid led to a
spark that produced local melting., and partiil evaporation of the surface
metal, thus producing erosion in both electrodes. The copper electrode
had a male shape corresponding to the shipe of the hole or recess to be
formed in the blank. As the work wa- eroded by sparking. the copper
electrode wa- advanced to maintain the -pirk gap. and wis continually
readvanced unti! it had penetriated a- f4r 1= required into the blank,

A ftixture war prepared ‘o i31id in the exact po-itioning of the
spark-eroded slots in the -tainless--teel masks, The tixture employed
six pins having diameters of 0,062 in., two were for mazk-loc.ting, arnd
corresponded to the mask-locating pins ir the mazk-and-substrate holder,
the remaining four pins were uced with polytetrafluorocethylene gage
blocks to accurately guide the spark erosion electrodes to their required
position above the stainless-steel mi:k blink. Twelve masks were pre-
pared at one time by allowing the spark erosion machine to spark through
a stack of twelve blanks,.
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ALIGNMENT HOLES

Stainless-Steel Mask Substrate

ALIGNMENT
HOLES

ALIGNMENT

. PINS

Top Half of Sample Holdér

Bottom Half of Sample Holder

Figure 4. Mask, substrate, and individual mask-and-substrate holder.
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An 0,010-in,-wide line in the stack of twelve masks was checked
on a shadowgraph of magnification 10X. The widths of this line in the
first (top), third, sixth, ninth and twelfth (bottom) mask were compared.

2.4 Preparaition of Glass Substraies

Glass substrates were prepared in the dimensions 0,6 in. by
0.6 in, by 0,040 in., Circular holes were provided in the substrates for
insertion of a transistor, a toroid, and lead-out wires, The diameters
of the holes for the transistor and toroid were 0.190 in. and 0.175 in.,
respectively, These holes were made by an ultrasonic grinding technique
described by Krawczyk (ref 4).

Next, the substrates were cleaned, first in an ethyl alcohol
vapor bath and then by a hot chloroform spray. The time between spraying
the substrates with hot chloroform and deposition of resistors on them
in an evacuated vacuum chamber was always kept to a minimum., The final
cleaning operation was accomplished by glow discharge bombardment in the
partially evacuated vacuum chamber (ref 5).

2.5 Deposition of Resistors

The recistor masks, as well as all other masks used in this
study, were cleaned in the same manner as the glass substrates, i.e.,
in an ethyl alcohol vapor bath followed by a hot chloroform spray.
Immediately after cleaning, the substrates and masks were placed in
their holders und inserted into the vacuum chamber,

With the pressure at 0.04 torr, a glow discharge was initiated.
The glow discharge was maintained for 3 min at a potential of 2 to 3 kv
and x current ot 100 to 150 ma. During this time, the pressure varied
over the range 0.02 tc 0.04 torr. The pressure was then allowed to fall
to 5 x 10”° torr while the glass substrates were heated by the circular
resiztince element located in the center of the mask-and-substrate holder
plite., The temperiture of the substrates was held at 300°C during the
deposition of the nickel-chromium resistors,

The apparatus used in the vacuum chamber for the deposition of
nickel-chrumium re-istors consisted of the bell shaker-type arrangement
-hown in figure 5, This shaker 1: a modified version of a shaker used
by Moll (ret 6%, This bell shaker system permitted pellets of 80 percent
nickel. 20 percent chromium to be shaken, a few at a time, onto a white
hot tungsten boat, thereby causing "flash" or instantaneous evaporation
i the nickel-chromium pellets, This technique can be expected to yield
films of reasonably uniform composition, as distinguished from films
built up in a graduaited ratio of nickel to chromium resulting from the
ditterence 1n vapor pressure of the two metals. In addition, flashing
le -~ened the chunce of contaminating the films with the boat material
(tungster; becsuse the nickel-chromium pellets remained in contact with
the tungsten boat for only an instant before they were evaporated.
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In order to monitor the resistance values of the nickel-
chromium films as they were being deposited, a glass monitor slide was
placed on the holder plate at the same distance from the source as the
mask~and-substrate holders. The area dimensions of this monitor slide
were 0.5 in, by 1.0 in., and it was provided with 0,25-in,-wide gold
electrodes at either end to which pressure contact was made. The leads
from the pressure contact were brought out of the vacuum chamber and
connected to an ohmmeter,

The deposition of nickel-chromium continued until the resistance
of the monitor reached a value of 90 ohms. Since the resistor area was
square in shape, this value could also be expressed as ohms per square,
The evaporation was stopped and the substrates were allowed to cool to
room temperature before the chiamber was opened to the atmosphere.

These resistors were annealed for 10 min at 250°C in air.

2.6 Q€99§£L£9Q_9f Bottom Conductor Pattern

The misks for the bottom conductor pattern were cleaned in
sulvent in the same manner as that described previously, positioned over
the substrates in the mask-and-<ubstrate holder, and the assemblies were
imrediately placed 1n the vacuum chamber, The pressure was lowered to
0.04 torr and the substrates were glow-discharge cleaned for 3 min as
described :bove in the procedure for resistor deposition,

Following the glow discharge, the pressure was lowered to
-5 . .
5 x 10 torr, At this pressure, aluminum was thermally evaporated from
4 re ‘istance~heated molybdenum boat onte the room-temperature substrates,

in thi: evaporation., the resistance of the aluminum conductors
wa: not monttored as in the case ot the nickel-chromium resistors, In-
-tead, 1 "charge” of 125 mg of aluminum wire was carefully weighed out
before the evaporition, This charge was then evaporated to completion,
It wu- knownr from many previous aluminum evaporations that this amount
of cherge, at the boat-substrate distance {20 cm) being used, would give
an idequately thick conducting element.

2 7 QiEEiEXEQE_Of the Silicon Monoxide Dielectric

The m.iks for the dielectric were cleaned in soivent in the
same wuy 15 were the masks for the resistors and conductors. The glow
discharge cleaning of the gla<< substrates was also carried out in the
sime manner as that described in the procedure for the deposition of the
re-i1stor- and conductors.

The apparatus used in the evaporation of silicon monoxide (Si0)
1f1g, 6.9as a roditicition of that described by Drumheller (ref 7)., 1In
essence., thi:s cylindrical vaporizer is designed to insure that the sub-
strate. ":ve” only *he Si0 vapor that passes into the inner perforated
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cylinder, and not the SiO particles resulting from the violent spitting
that is often observed during the evaporation of SiO. This apparatus
was made of tantalum,

After the glow-discharge cleaning of the substrates, the pres-
sure was lowered to 5 x lo’storr and the SiO evaporator was slowly
heated until the S10 was at 1200°C. The temperature was measured by a
thermocouple inserted through the outer cylinders and pressed securely
against the inner cylinder. This heating was done slowly to enable
the pumps tc hold the pressure at about 5 x 10-° torr, in the face of
the increased outgassing of the SiO as it was being heated. The sub-
strates were protected from any SiO vapor during this heating-up period
by means of a shutter (not shown in fig. 6) placed directly over the
opening of the tantalum cylinder. This shutter was not removed until
the temperature of the SiO reached 1200°C and the pressure was less than
or equal to 5 x 10~ torr. When these two conditions were met, the
shutter was removed and the evaporation and deposition allowed to pro-
ceed unhampered for 3 min , at which time the shutter was again placed
over the tantalum source and the Si0 alluwed to cool,.

2.8 Deposition of the Top Conductor Pattern

This procedure was the same in every detail as that for the
bottom conductor, except for the use of different masks,

2.9 _Insertion ol Prefabricated Components and Completion of
Arplifier

In addition to the thin-film components, there are in this
circuit a hand-wound coil, and a 2N700 commercial transistor that had
been decased, potted, and sliced in order to package the active part in
flat form, as is described fully in reference 1. After the deposition
of the thin-film components, these two prefabricated components were
inserted into their respective holes in the substrate. They were held
1n position by an air-dried polystyrene-base adhesive. The connections
between the inserted components and the thin-film components were made
with a silver-filled epoxy resin conductive adhesive described by
Kilduff and Benderly (ref 8).

The conductive adhesive was also used to connect the lead-out
wires (number 38 copper wire) to the thin-film conductors, The lead-out
wire was f{irst 1nserted through the lead out holes and then twisted to
make a strong mechanical joint.

The completed 30-Mc IF amplifier is shown in figure 7. Three
models were constructed.

2.10 Testing of Parts and of the 30-Mc IF Amplifier Stage

Resistors and Conductors: Resistance was measured by means
of an ohmmeter. Contact was made to the films with metal probes.
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Figure 7. Microminiature 30-Mc 1F amplifier stage with thin-film
passive parts.
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Capacitors: Capacitence was measured on the 30-Mc IF amplifjer
substrate at 1 cps using a standard capacitance bridge. Contact was
made to the films with metal probes.

Gain Measurements on the 30-Mc Amplifier Btage: A signal
generator was connected to the thin-film amplifier stage through a 50-ohm
generator impedance, the input voltage being read directly from the signal
generator. The output of the stage was then connected to an rf voltmeter
across & 80-ohm load., The gain was read directly from the rf voltmeter.
Connection was made tu the stage by means of the lead-out wires.

One of the amplifier stages was retested after storage for one
year in a desiccator,.

3. DISCUSSION

3.1 Design

Minimal thicknesses of resistive and di:electric films are de-
sirable because they yield highest valued resistors and capacitors,
respectively, per unit of surface area. Extreme thinness, however, is
limited as follows:

o (a) Nickel-chromium resistor films with thickness less than
100 A tend to be porous, discontinuous, and greatly affected by the sur-
face condition of the substrate on which they have been deposited. These
properties, coupled with a high surface-to-bulk ratio, lead to instability
of the film due to oxidation and recrystallization,

(b) Silicon monoxide dielectric films tend to be porous at
thicknesses less than 4000 or 5000 A; in the case of deposited capacitors,
porosity would result in short-circuiting of the deposited upper electrode
to the base or, at the very least, a reduction in the effective breakdown
strength of the capacitor,

3.2 Mask-and-Substrate Holder

The purpose of the mask~and-substrate holder was four-fold.
First, it had to provide for fast, easy mask changing. This was neces-
sary to insure that the substrates were exposed to the atmosphere for a
minimum amount of time between evaporations. Becond, each mask had to
be placed in an exact position relative to the patterns deposited through
other masks onto the same substrate. This was accomplished by means of
indexing pins. Third, the masks had to be securely pressed against the
substrate during the evaporation in order to obtain sharp-edged patterns,
The spring clips provided adequate pressure, Last, the substrates had
to be held against the mask-and-substrate holdér with enough force to
insure good thermal contact when the substrates were heated, The spring
clips were adequate for this purpose also.



3.3 Stainless~Steel Masks

Stainless steel was used for the masks because it is rigid and
does not sputter under glow-discharge Hombardment. The spark erosion
technique, a new approach for making masks at HDL, was used because,
thereby, masks can be made readily from stainless steel within the
tolerances required for this work. The shedowgraph measurements on the
0.010-in.-wide line, made with the spark erosion machine, showed that
there was only a 0,0003-in, difference between the width of the 0.,010-
in, line on the first and on the twelfth mask, The differences in the
intervening masks were smaller. The edges of all the lines appeared
to be sharp.

3.4 Glass Substrates

It is important to achieve extreme cleanliness of the substrates
in vacuum-evaporation work. This is necessary first to insure adequate
adherence of the deposited layers to the substrate and to each other,
and second, to insure removal of dust particles that may be one of the
factors that cause pin holes.

As noted previously, the substrates were cleaned by both chemical
and positive-ion-bombardment processes. These procedures were followed
because, even though many contaminants, especially oils, salts, etc, are
removed from the substrates by conventional chemical cleaning techniques,
there is an unavoidable exposure of the substrates to the atmosphere
after cleaning and before the evacuation of the vacuum chamber. This
exposure is sufficient to recontaminate the substrate surfaces, especially
with surface moisture and dust particles. Hence, the final cleaning
step, the ion bombardment, was made just prior to the deposition of the
thin-film component. This ion bombardment cleaning is useful both in
heating the substrates, thereby volatilizing surface moisture and other
volatiles, removing other contaminants that neither heat alone, nor the
chemical cleaning, can remove (ref 5).

3.5 Vacuum-Deposited Resistors

An alloy of nickel (80%) chromium (20%) was one of the first
thin-film resistive materials investigated at HDL (ref 2,9) and was the
one chosen for the resistor elements of the 30-Mc IF amplifier.

Nickel-chromium (Ni-Cr) films having resistance values of
about 100 ohms per square yielded resistors that would fit on a 0,6-in.-
square plate when their width was 0,010 in.; and these resistors were
relatively stable with time and temperature., Such films, being in the
100-to0-200 thickness range, were easily deposited in a short time
(2 to 3 min.).

The substrates were held at 300°C during the resistor deposi-
tion because a hot substrate aids in the adhesion of Ni-Cr films to
glass, A hot substrate is believed to cause oxidation of the layer at

19
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the Ni-Cr film/glass substrate interface, and this layer is thought to
effect adhesion between the two surtaces (ref 1G). The heat treatment
in vacuum also aided in the stabllization of the resistor values with
time, due to the enhancement of well ordered crystal structures by the
heat treatment.

Deposition of the resistive film was continued until its
resistance value reached about 90 ohms per square, instead of the
100 ohms per square desired, because this procedure allowed for a small
increasc in resistance due to the 10-min. post annealing at 250°C in
alr, and further small increases due to prolonged atmospheric exposure,
This 10-min post anneal further stabilized the resistance values, When
the resistors were tested, a value of 95 ohms per square was obtained,

3.8 Vacuum-Deposited Conductors

Although copper, gold and aluminum have often been used at
HDL as thin-film conductors (resistance less than 1 ohm per sq) aluminum
(Al) was used as the conductive material in thc 30-Mc IF emplifier, be-
cause it was to be employed also as the material for capacitor electrodes.
From previous experience with thin-film capacitors, it was known that
electrodes of either copper or gold frequently short through the di-
electric, and even after clearing the shorts, the capacitors, in general,
are unreliable, However, when Al is used as the electrodes, the
capacitors are not shorted and are stable. The reason the Al capacitors
are not shorted is thought to be due to the "self-healing" effect of Al,
That 18, if there are shorts through the diclectric when the capacitors
are made, the very act of measuring the capacitance causes the shorts
(i,e., the filaments joining the top and bottom conductor films) to be
heated to a very high temperature by the tosting current; because this
is done at atmospheric pressure, these hot filaments are oxidized, and
thoreby burned out, remaining clear indefinitely.

Another reason for choosing Al, instead of either copper or
gold, is that it adheres well to glass and hence does not require an
under-layer of chromium and associated masking and multiple depositions,

The conductors as tested had resistances less than 0,5 ohm per
square,

3.7 Vucuum=Deposited Capacitors

An evor-present problem in the deposition of thin-film 810
dielectrics is the occurrence of pin holes in the films. These pin
holes seem to be prevalent in 810 f£ilms even when great pains have been
taken to insure a dust-free substrate. The main problem in the appli-
cation of 8i0 a# a thin-film dielectric is, obviously, the shorting of
the electrodes through these pin holes, Although this problem was solved
by using Al as the electrode material, as mentioned above, the existence
of tho problom was a factor in determining the thickness of films to be
used,



Upon rewriting the formula used for determining area of the

dielectric in terms of capacitance, C = 949532—55 ,
C varies inversely with film thickness (d). Theoretically, therefore,

the thinner the film, the higher the capacitance. However, experience

had shown that the thinner the dielectric, the greater the pin-hole

problem. A third consideration was that an adequate dielectric thickness
had to be provided to withstand dielectric breakdown at the voltage existing
in the circuit, Hence, a compromise thickness had to be found. Experience
had shown that 5000 X was a practical value; films of this thickness were
relatively free from pin holes, and the breakdown voltage, calculated from
dielectric strength at 5000 A, was 26 v across the dielectric,

it can be seen that

When the capacitors were measured on the 30-Mc IF amplifier
substrate, they were found to have capacitances of 0,0011 uf and none
were shorted. When a signal was applied to the amplifier, there was a
14-v drop across the capacitor, Similar thin-film capacitors made at
HDL have withstood 25 to 75 v before breakdown, indicating that these
capacitors are entirely adequate for this application.

3.8 Inserted Components

The inserted components in the 30-Mc IF amplifier were a 2N700
transistor and a hand-wound toroid. The transistor was chosen because
its mechanical construction was such that it could easily be sliced to an
0.030-in. thickness, and its size, of course, was extremely important in
this application. Other characteristics that made this transistor at-
tractive were good gain at 30 Mc, its low and controllable capacitance,
and its availability,

The toroid was especially designed and made for this circuit
at HDL. Its low magnetic field and flat construction made it extremely
useful for microcircuit application., It used 7 pf of stray capacitance for
tuning, at which capacitance the inductance to resonate at 30 Mc was
calculated to be 4.0 yh. The toroid had a diameter of 0.180 in. and a
thickness of 0.050 in,

The complete parameters of the transistor and toroid were given
in the report by Yetter and Hall (ref 1).

3.9 30-Mc IF Amplifier Stage

One of the three circuits had to be discarded because it
developed a short circuit in one of its parts, As noted previously, the
capacitors, when tested separately, were not shorted and, therefore,
the short is not attributed directly to a short through a capacitor di-
electric.
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Test data for the two remaining circuits are given in table 1I.
These circuits exhibited power gains of 16.5 db and 14.7 db, Upon re-
testing the 16,5-d5 circuit after storage for one yéar in a desiccator at
room temperature, the gain was 15.1 db. The bandwidths during these
three tests were about 10 Mc.

The value of gain given in reference 1 for the 2D version of
the 30-Mc IF amplifier was 100 db (for 5 stages)., It can be seen that
the gain of the thin-film version of the amplifier (1 stage) compares
favorably with that of the 2D version.

A 50-ohm resistance was used as the output termination in
order to compare the thin-film 30-Mc IF amplifier stage with the 2D
version. It must be noted, however, that a 50-ohm output termination
is not the optimum output res:stance for maximum gain in the thin-film
stage. The optimum output termination resistance was found to be 9.5
ohms for each circuit. When this resistance was used, the maximum gains
were found to be 18.3 db and 19.8 db per stage as indicated in table II.

This thin-film amplifier was no smaller than the prior 2D
amplifier., The significant accomplishment lies in the substitution of
vacuum-deposited thin-film resistors, conductors, and capacitors for
conventional printed and inserted paris. When active parts can be made
by thin-film techniques, and a complete thin-film circuit made, the
potential of thin-film circuits in microminiaturization can be realized.

4, CONCLUSIONS

(1) Two operating 30-Mc IF amplifier stages have been constructed
from vacuum-deposited thin-film conductors, resistors, and capacitors,
and an inserted coil and transistor., These amplifiers have power gains
of 15,1 db and 14.7 db and a bandwidth of about 10 Mc. Although these
parameters are equally dependent upon the active and passive parts, they
are significant because they show that suitable vacuum-deposited con-
ductors, resistors, and capacitors were built into an operating circuit.

(2) New techniques developed in constructing this amplifier in-
cluded the application of a spark-erosion machine to cut slots as narrow
as 0,010 in, througha stack of twelve stainless-steel masks with a
maximum variation in width of only 0.C0C3 in,

(3) The thin metal film resistors, deposited from a vapor of nickel
and chromium, can be expected to be more stable than conventional screen-
printed carbon composition resistors.

(4) The thin-film capacitors, made from a dielectric layer of
silicon monoxide, and electrodes of aluminum, exhibited capacitance values
of 0.0011 pf. This constitutes a capacitance of 0.0097 uf/cma, a value
near the upper limit for capacitors of this type.
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(5) Development of a completely thin-film amplifier, or of any
entirely thin-film circuit, awaits the development of thin-film active
parts,
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Table I. Electrical Charaecteristics of ‘the 30-Mc  IF "Ampli

fifer Stage

No., 1 No. 2
Retest after Original
Original values éhe year values
Gain (db) 16.5 15.1 14,7
Center frequency (Mc) 35.3 35.0 32.0
Bandwidth (Mc) 30.2-41,7 30.2-39.6 27,3-37.8
V. (v) To-14 -14 -14
cc .
(v) +14 +14 +14
ee
Ic (ma) 3.0 . 3.4 4.0
Ie (ma) 3.7 3.7 4.3
Input termination (ohms) 50 50 50
Output termination (ohms) 50 50 50
Vin (mv) 15.0 17.5 18.5
Vout (mv) 100 100 100

Table II. Maximum Gain of the 30-Mc IF Amplifier Stage

No. 1 No, 2

Gain (db) 18.3 19.8
Center frequency (Mc) 37.4 36.2
Bandwidth (Mc) 33.2-41.0 31.8-39.8
\J (v) -14 -14

cc

) +14 +14

ee

IC (ma) 3.4 4.0
Ie (ma) 3.7 4.3
Input termination (ohms) 50 50
Output termination (ohms) 9.5 9.5
Vin (mv) 27.9 23.4
Vout(mv) 100 100
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